We measured the grazing preference of 3 castrated male Rocky Mountain elk (Cervus elaphus nelsoni) for 2 crested (Agropyron desertorum Fischer ex Link] Schultes), 5 thickspike (Elymus lanceolatus ssp. Zanceohztus [Scribner & J.G. Smith] Gould), 3 Snake River (proposed name E. lanceolatus ssp. wawawaiensis), and 2 bluebunch wheatgrass (Pseudoroegneria spicata mrsh] A. L5ve) entries. Number of bites and visits were highly correlated in early May ($=0.77) and late May (9=0,83). 'Critana' and 'Elbee' thickspike and 'Hycrest' and 'Nordan' crested wheatgrasses can be recommended for seedings for elk spring grazing where these grasses are adapted.
Forage preferences of Rocky Mountain elk (Cervus elaphus nelsoni) are malleable (Kufeld 1973, Nelson and Leege 1982) . Elk will consume primarily grass on grasslands and shrubs on shrublands, but prefer grass when both are available. Grasses and sedges can constitute over 85% of the diet in the spring. High utilization of grass may continue through the summer or grass may be supplemented or replaced in the diet by forbs, shrubs, or other woody plants. For example, elk in the Rocky Mountain region often prefer forbs during summer (Collins and Umess 1983) .
Dietary selection by Rocky Mountain elk has been evaluated primarily in uncontrolled field settings. The literature reviews of Kufeld (1973) and Nelson and Leege (1982) report that elk prefer crested wheatgrasses (Agropyron cristatum p.] Beauv., A. deserforum Fischer ex Link] Schultes) and bluebunch wheatgrass (A. spicatum = Pseudoroegneria spicata [Pursh] A. Love) to thickspike wheatgrass (A. dasystachyum = Elymus lanceolatus ssp. Zanceolatus [Scribner and J.G. Smith] Gould), although tbickspike wheatgrass was evaluated only by Klrsch (1963) . However, these comparisons might be misleading because they could not consider differences in preference among ecotypes within a species or control the relative abundance or availability of species (Kufeld 1973) .
We know of no published work concerning elk preferences of grass taxa in a controlled setting. This type of study is preferred Utah Agricultural Experiment Station Journal Paper 4475. hlanuscript accepted21 September 1995. 474 to determine which plants are desirable for elk habitat (Kufeld 1973, Schwartz and Hobbs 1985) . A controlled setting makes it possible to select plant materials, equalize plant density, and rank preference inferred directly from bite-count data. Obtaining and utiliing captive animals discourages researchers from employing this experimental approach.
We conducted a controlled preference trial with Rocky Mountain elk involving 12 entries of 4 important wheatgrass taxa: the introduced crested wheatgrass, and the natives thickspike wheatgrass, Snake River wheatgrass (proposed name E. lanceolatus ssp. wawawaiensis), and bluebunch wheatgrass. The results will indicate which grass varieties might be preferred for seeding disturbed lands spring-grazed by elk.
Materials and Methods
Plants of 12 wheatgrass entries (named varieties or numbered experimental populations) were transplanted to a west-facing slope on a foothill site in Logan, Utah. The soil was a Sterling gravelly loam (loamy-skeletal, mixed, mesic Typic Calcixerolls [lo-20% slope]). Crested wheatgrasses were 'Nordan' and 'Hycrest'. Thickspike wheatgrasses were fElbee', 'Sodar', 'Critana', 'Bannock', Nev.) . Snake River wheatgrasses were 'Secar', K27 (Riggins, Ida.), and D38. Bluebunch wheatgrasses were the diploid 'Whitmar' and the tetraploid P7845 (Winchester, Ida.). All taxa are bunchgrasses except thickspike wheatgrass, which is highly rhizomatous.
Plants were established on l-m centers and were arranged so they could be separated by fences into 4 paddocks. Within each paddock were 18 blocks with 12 positions each. Each of the 12 positions in a block was randomly assigned to a plant of a specific entry. Thus each of the 4 paddocks consisted of 18 X 12 = 216 spaced plants (216 m*) surrounded by a fence and a border of Secar. We used 3 castrated male elk ranging in age from 8 to 15 years that had not been used in other experiments for 4 years. They had previously grazed on various sagebrush-grass sites, lodgepole pine and aspen forest types, and mountain brush communities at various locations in northern Utah.
Spring is the season when grass is consistently the most important portion of the elk's diet. Paddocks were grazed at 2 periods, early (l-3 May) and late May (21-23 May 1991), with 6 and 4 grazing sessions in each period, respectively. Our objective at the 3-day early May grazing period was to gather enough data to statistically separate entry means. Continued grazing exceeding 3 days would alter the entries' morphology and forage availability, biasing data collection at the late May grazing period. Including several plants of each entry in each paddock and controlling length of the grazing period precluded bias because of differences in forage availability resulting from differential elk preference. Favorable weather conditions allowed the plants to grow quickly in this competition-free setting. Weather data were collected at the Utah State University weather station 1.6 km from the study site. Moisture totaling 45 mm was recorded 12 of the first 21 days of May. Three storm systems accounted for most of the precipitation during these 3 weeks, 28% (13 mm) on 3-5 May, 52% (23 mm) on 9-12 May, and 13% (6 mm) on 15-19 May. During this time the daily high and low temperatures averaged 15OC (range 4 to 26OC) and 4OC (range 0 to 9OC), respectively.
Each of the 4 paddocks was grazed at least once in each grazing period, generally with 3 animals. Grazing sessions were conducted in the morning, afternoon, or evening, and averaged 63 min. A grazing session ended when the animals ceased to graze and began to ruminate. Observers assigned to each animal counted and recorded the number of bites taken from a particular plant. If the animal returned to the first plant after grazing another, the number of bites was recorded as an additional visit. To calculate the number of bites per plant, we determined the total number of bites taken from a particular entry by a single animal in a session. This number was divided by the number of extant plants of the entry (maximum of 18). Number of visits per plant was calculated as the number of discontinuous times an animal grazed an entxy divided by the number of extant plants.
Each grazing session (mean of all animals in session) was considered a replication. Replications within grazing period (error a) were used to test for differences between grazing periods, the whole-plot effect, in a split-plot design. The residual error (error b) was used to test differences among entries, the split-plot effect, and the entry X grazing period interaction. Entry means were separated by the Bayes LSD. (Wailer-Duncan k-ratio t test) with k ratio=100 (Smith 1978 0.12 0.11 *Gmaiog period X entry interaction significant (pco.01). Numbers of replications n=17
Fd ~12 for early and late grazh~g periods, respectively.
Values within a column not followed by the same letter are significantly different according to the Wailer-Duncao k-ratio t test (1; ratio=lOO).
Results and Discussion
Over 4,000 bites were recorded in 6 early May grazing sessions as well as 4 late May grazing sessions. Grazing period interacted with entry for number of bites (P<O.Ol), so results for the 2 grazing periods are presented separately. Elk preferred Critana thickspike wheatgrass at the early May grazing period, but Elbee thickspike and Nordan crested wheatgrasses were as preferred as Critana during late May (Table 1 ). Animals exhibited considerable selectivity, e.g., Critana received 10 and 7 times the number of bites of the least preferred entry at the early and late May grazing periods, respectively.
Number of visits was highly correlated with number of bites across entries (&0.77 for the early May and ?=0.83 for the late May grazing periods). Again, there was a significant interaction between grazing period and entry (P<O.Ol), so results for the 2 grazing periods are presented separately (Table 2 ). Critana and Elbee thickspike wheatgrasses received the most visits at the early May grazing period, while Critana and the 2 crested wheatgrasses received the most visits at the late May grazing period. The highest-ranking Snake River or bluebunch wheatgrass entry never significantly exceeded the lowest-ranking entry in the test for number of bites or number of visits.
Perhaps the most noteworthy difference between the 2 grazing periods was that the 2 crested wheatgrasses were as preferred in number of bites as Critana and Elbee thickspike wheatgrasses at the late May, though not at the early May grazing period. This difference in preference may be due to differing phenological development of these 2 taxa. Thickspike wheatgrass matures consistently earlier than crested wheatgrass. Phenological differences would be accentuated at the late May grazing period. There was little reproductive growth at the early May grazing period relative to the late May period. Thus the greater number of bites taken of crested wheatgrass relative to Critana and Elbee at the late May grazing period was probably related to crested wheatgrass' rela-JOURNAL OF RANGE MANAGEMENT 49(5), September 1996 grazing period was probably related to crested wheatgrass' relatively vegetative state. Even though Critana and Elbee thickspike wheatgrasses were more mature at the late May grazing period, they were both still as preferred as at least 1 of the crested wheatgrasses.
Of the 10 native entries, elk preferred Critana and Elbee thickspike wheatgrasses for spring grazing. Critana is a bulk collection from north-central Montana and Elbee was developed from clones collected in the adjacent Canadian provinces of Alberta and Saskatchewan (Asay 1995) . Hycrest and Nordan crested wheatgrasses were also preferred in late May. A mixture of thickspike and crested wheatgrasses for revegetation projects may be feasible. Differences in the maturity of these 2 grasses could facilitate a more uniform availability of forage through the spring. Furthermore, thickspike wheatgrass is rhizomatous and can spread into areas of poor initial establishment.
